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Executive Summary
The Environmental Protection Agency (EPA) continuously monitors six criteria pollutants
that are known to have impacts on public health and welfare. One of these pollutants, fine
particulate matter, or PM2.5 (which includes particles that are smaller than 2.5 micrometers in
diameter), is easily inhalable and can enter the lining of the lungs and the bloodstream, posing a
great risk to human health. Standards for allowable concentrations of PM2.5 were amended in 1997,
2006, and again in 2012, becoming increasingly stringent each time. According to the EPA, health
organizations, and other research studies, these particles can specifically contribute to aggravated
asthma and other issues such as difficulty breathing or coughing, as well as heart disease and heart
attacks, and can be especially dangerous for children, the elderly, and those already suffering from
respiratory illnesses. I will examine what effect, if any, the 2006 PM2.5 standard change (which
lowered the daily allowable concentration from 65 to 35µg/m3) had on these health issues,
specifically chronic respiratory and cardiovascular disease mortality rates, by analyzing countylevel air pollution data, mortality data, and smoking and obesity data. I selected seven states in the
southeastern U.S. (all part of the EPA’s Region 4) for the analysis, which includes a differencein-difference, fixed effects model to compare high-pollution level counties within these states to
those counties that see lower levels of PM2.5 pollution annually. I hypothesize that there will be a
small decrease in mortality rates for both health outcomes for high-percentile pollution counties
(who are likely to be impacted by more stringent standard changes) relative to their lowerpercentile pollution counterparts. After performing several analyses, I find that estimates for the
effect vary between the two mortality rates in terms of direction (either a positive or negative
effect) but generally only have an impact of 1 to 2 deaths per 100,000 of the population. While the
majority of the results are statistically insignificant, the magnitudes are small enough to render
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them practically insignificant as well, as most counties included in this analysis have populations
between 20,000 to 50,000. As there are limitations associated with the available data included (and
not included) in this analysis, further, more comprehensive research over a longer time frame is
recommended to fully ascertain the impact of PM2.5 standards on public health outcomes.
Introduction
Air Pollution Regulations in the United States
In the mid-twentieth century, the United States faced several public health crises as smog
descended on cities across the country, a byproduct of increased transportation, manufacturing,
and energy production and lack of regulations concerning these emerging industries (Williams
2013). Deadly events in industrial centers such as Donora, Pennsylvania, and growing cities from
Los Angeles to New York City marked the beginning of a push for the federal government to
research and regulate pollutants to protect public health and welfare. In 1970, President Nixon
signed into law the Clean Air Act (CAA), a landmark piece of legislation that gave the
Environmental Protection Agency (EPA) the authority to monitor and regulate harmful pollutants
and chemicals. The CAA was preceded by several other laws passed by Congress throughout the
1950s and 1960s, though these focused primarily on research and set no standards for acceptable
pollution levels and had no significant impact on the country’s air quality. I therefore ask if these
policies such as the CAA, prompted by severe pollution and related health events and meant to
regulate emissions, truly improve and protect public health as policymakers intended.
With the passage of the CAA, Congress specifically directed the EPA to establish
concentration standards for six ‘criteria’ pollutants that scientists regarded as being the most
harmful to public and environmental health. Their intention was to minimize emissions from
transportation, addressing the increasing number of motor vehicles on the road, and from stationary
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sources, which include power plants, and industrial and manufacturing facilities (U.S. EPA 2013).
These newly monitored pollutants included ozone, particulate matter, sulfur dioxide, lead, nitrogen
dioxide, and carbon monoxide. Their allowable concentration levels are known as National
Ambient Air Quality Standards, or NAAQS. NAAQS have two classifications—“primary
standards” designed to protect public health and safety, and “secondary standards” to broadly
protect physical environmental health (U.S. EPA 2018a). A primary classification entails more
stringent standards for the six criteria pollutants, reflecting the seriousness of their impacts. To
monitor these, the EPA continuously measures concentrations at stationary locations throughout
all fifty U.S. states and territories. EPA administrators are also required by law to consider the
latest science and research regarding these pollutants either every five years, or before a policy
change is made, to ensure that standards set are the most beneficial for human health.
Administrators also consult with scientists, through advisory panels (in this case the Clean Air
Scientific Advisory Committee) and the public, through an open comments period (Esworthy
2015). Since the establishment of NAAQS, standards were made more stringent at least once for
all six pollutants, and as many as four times for ozone and particulate matter (U.S. EPA 2019).
In concordance with the CAA, the EPA established the first standards to regulate
particulate matter in 1971. Particulate matter is measured as a mass (micrograms, µg) of volume
(meters cubed, m3) in the air, and standards are established for a 24-hour period and an annual
average. Originally, all particulate matter was monitored as one category, with daily and annual
allowable concentrations set at 260µg/m3 and 75µg/m3, respectively. After reevaluating these
standards in 1997, the EPA divided them into two distinct regulatory categories— PM10 and PM2.5.
PM10 includes particles with a diameter of 10 micrometers or smaller, and PM2.5, or fine particulate
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matter, includes particles with diameters of 2.5 micrometers or smaller. Changes made to primary
PM2.5 regulations after 1997 are displayed in Table 1 below (U.S. EPA 2018c).
Table 1. Changes in Primary PM2.5 Standards Since 1971
Year
Standard
Measurement Type
1997

65 µg/m3
15 µg/m3

24 hour
Annual

2006

35 µg/m3
15 µg/m3

24 hour
Annual

2012

35 µg/m3
12 µg/m3

24 hour
Annual

In an effort to more closely regulate pollutants, the Obama Administration implemented a
multitude of environmental regulations between 2009 and 2012, over 60 percent of which were
promulgated through the original Clean Air Act. While the majority of these regulations focused
on limiting emissions of greenhouse gasses, several dealt with the traditional criteria pollutants
mentioned previously. More specifically, the Administration “adopted more stringent primary
NAAQS for nitrogen dioxide and sulfur dioxide” while retaining “the existing NAAQS for carbon
monoxide and coarse particles” and issuing “more stringent primary NAAQS in December 2012”
for fine particles (McCubbin 2013).
These rigorous standards affect various American industries, including manufacturing,
energy production, and transportation, as these are responsible for the activities that mainly lead
to the production of the six criteria pollutants. Gasoline combustion from motor vehicles and fossil
fuel combustion from energy production facilities are the two general industry processes that yield
either particle emissions that directly pollute the air, or chemical emissions that react with other
elements in the atmosphere to create harmful pollutants. PM2.5 can also form in “reactions in the
atmosphere” from other chemicals such as “sulfur oxides, nitrogen oxides, and volatile organics
occurring naturally” or from “emissions typically associated with gasoline and diesel engine
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exhaust” (U.S. EPA 2016). In addition, it is emitted directly from construction sites, fires, and
smokestacks in the form of dust, soot, or dirt (U.S. EPA 2018a).
Impact on Human Health
Researchers have linked the production of all six criteria pollutants to a range of negative
health effects, from increased incidence of asthma and chronic respiratory issues to cardiovascular
diseases and mortality (U.S. EPA 2015). A study conducted in 2011 that examined previous
epidemiological, toxicological, and human exposure studies found that children, adults with lung
or cardiovascular issues, the elderly, and those of lower socioeconomic status are at an increased
risk of facing the negative health effects of these pollutants (Sacks, et al. 2011).
Fine particulate matter, or PM2.5, can be especially dangerous to the aforementioned
populations. According to the EPA, these particles can specifically lead to “premature death in
people with heart or lung disease, nonfatal heart attacks, irregular heartbeat, aggravated asthma,
decreased lung function, and increased respiratory symptoms, such as irritation of the airways,
coughing, or difficulty breathing” (U.S. EPA 2018a). In an analysis published in October 2018,
they also stated “the most substantial scientific evidence indicating relationships between shortand long-term PM exposure is for PM2.5.” They were able to conclude, after examining thousands
of scientific research studies conducted on multiple cohorts, throughout various countries, over
differing periods of time, and with numerous statistical techniques, that there is a strong “likely
causal” relationship between this exposure and “asthma exacerbation and combined respiratoryrelated diseases,” particularly measured in increased emergency department visits and hospital
admissions. The EPA supports this same causal relationship for cardiovascular disease, stating that
multiple studies saw consistent increases in emergency room visits for heart attacks and other
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cardiovascular episodes “in many locations where annual average PM2.5 concentrations are greater
than 12µg/m3 (U.S. EPA 2018b).
In addition to this EPA analysis, a multitude of research—much of it describing areas with
historically poor air quality, such as various cities in China and India—supports the association
between this air pollution and the negative health effects. Using a time-series analysis to analyze
air pollution after the 2008 Beijing Olympics, Yang, Li, Li, Wang, and Cao in 2013 examined
concentrations of carbon monoxide, nitrogen dioxide, and PM10 in a one year period before and
after the games. An analysis of the data yielded a 1.8 percent increase in ‘nonaccidental mortality,’
a 1.7 percent increase in cardiovascular mortality, and a 2.1 percent increase in respiratory
mortality, all associated with particulate matter levels (Yang, et al. 2013). While these increases
seem quite small, Beijing has a population of almost 17 million people, and saw approximately
153,000 deaths during the observed time period. A percent increase of two, then, yields about
30,000 more deaths possibly due to air pollution.
Dai, Zanobetti, Loutrakis, and Schwartz conducted a comprehensive study in 2014
examining mortality data that contained 4.5 million deaths over six years in 75 U.S. cities to
determine whether variations in PM2.5-related health effects could be linked to certain seasons
throughout the year. The researchers examined monthly averages for particulate matter
concentrations levels, and linked those to specific causes of death, such as cardiovascular disease,
stroke, and respiratory disease. Their findings confirmed that there is an increased risk of mortality
associated with higher PM2.5 levels, and that the effects were particularly strong with silicon,
calcium, and sulfur particles in the spring (Dai, et al. 2014). Going one step further, a study
reported in Health Affairs in 2011 attempted to link air pollution and the subsquent health effects
to increased health care costs for children in the United States. Specifically, the researchers
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examined incidence and mortality of bronchitis in infants and children who were subjected to daily,
average levels of particulate matter exposure in urban areas. Through an analysis of respiratory
health outcomes data from 1999 to 2007, they surmised that this pollutant contributed to about
48,000 hospitalizations annually. Using the average total charge for a bronchitis hospitalization,
the authors argue that a reduction of the allowable PM2.5 air concentration by 7 percent would save
the U.S. almost 15 million dollars annually in health care costs (Sheffield, et al. 2011).
Current State of Air Pollution Regulations
Adherence to these air quality standards comes with an economic cost for many industries,
as they are forced to adapt every few years to stricter regulations, and newer technologies, plants,
and industrial systems can cost millions of dollars. This often leaves politicians, corporate
executives, and other interested parties questioning the actual benefit to public health that results
from these regulations, at the cost of economic growth. In early 2018, in an attempt to be more
‘business friendly’ to these industries and potentially promote job growth, while also citing few
positive effects on health outcomes from the Obama era policies, the Trump Administration
proposed ending or reducing several regulations that concern air quality emissions (Friedman
2018). Additionally, the Particulate Matter Review Panel, charged with assisting EPA
administrators in determining what levels of the pollutants are safe for the public, was disbanded
last fall, while another advisory EPA committee faces a reduction in responsibilities (Friedman
2018).
This reduction in input from the committees and panels designed to assist in establishing
thoughtful, rigorous standards for the EPA is concerning given the serious nature of the six criteria
pollutants, and the strong conclusion the EPA has reached regarding the negative short- and longterm health effects of particulate matter. As this policy debate continues to surround the Trump
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Administration, EPA administrators, and scientists, I find it necessary to examine current and
previous standards in order to determine how effective (if at all) they are in decreasing the
prevalence of diseases and premature death relating to these emissions. Specifically, this paper
investigates the specific effect a 2006 PM2.5 standard change has on cardiovascular and respiratory
disease mortality throughout the southeastern U.S.
Methodology
State Selection
Particulate matter levels are often found to be higher in areas in proximity power plants
and industrial or urban centers, and especially in those regions where wildfires, which produce
soot and other fine particulates, are more prevalent. While California and other western U.S. states
experience these natural phenomena quite often, states in other parts of the country are affected
differently. Currently, California is also the only state to establish stricter pollution and emission
standards for its vehicles and industries, a fact that would complicate this analysis of a federal
agency’s PM2.5 standard change. Therefore, it was necessary to narrow the scope of this analysis
to only a handful of comparable states, in order to better estimate the impacts of changing
particulate matter standards on health outcomes.
For administrative purposes, the EPA divides the United States into 10 regions
encompassing all 50 states and outlying territories. Most regions followed the same pollution
trends over the past 20 years, as collectively the levels of PM2.5 measured in the air decreased. For
this analysis, I focus on the fourth region, pictured in Figure 1 below. Region 4 includes Kentucky,
Tennessee, Mississippi, Alabama, Georgia, North Carolina, South Carolina, and Florida.
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Figure 1. Map of States Included in EPA Region 4
After examining these eight states, I decided to exclude Florida for the following reasons.
First, it had population statistics that varied considerably and consistently recorded low levels of
particulate matter concentrations in all of its largest cities. For example, Miami consistently
records particulate matter concentrations in the bottom 10th percentile of pollution overall—a fact
that is uncharacteristic of other major cities included in this analysis, given that it is almost three
times the size in population. Second, when included in the analysis, trends in mortality rates
between high-percentile and low-percentile pollution counties did not follow parallel paths pre2006, possibly reflecting the variation in mortality rates, population, and pollution levels in
comparison to other cities. These differences make Florida dissimilar to the seven other states, and
therefore not useful in this analysis. A general overview of the makeup of the final group of states
is displayed in Table 2, along with a summary of all 669 counties that are included in this analysis.
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Table 2. Population Characteristics
Characteristics Alabama
No. of
Counties
Total
population
Female
Age 19 &
under

67

Georgia

Kentucky Mississippi

159

120

4,447,100 8,186,453 4,041,769

82

North
Carolina
100

South
Carolina
46

Tennessee

All
Counties

95

669

2,844,658 8,049,313 4,012,012 5,689,283 37,270,588

51.7 %

50.8 %

51.1 %

48.3 %

51.0 %

51.4 %

51.3 %

50.8 %

28.0 %

29.5%

27.6 %

30.7 %

27.2 %

28.3 %

27.4 %

28.4 %

Age 65 & up

13.0 %

9.6 %

12.5 %

12.1 %

12.0 %

12.1 %

12.4 %

12.0 %

White

71.1 %

65.1 %

90.1 %

61.4 %

72.1 %

67.2 %

80.2 %

72.5 %

Black

26.0 %

28.7 %

7.3 %

36.3 %

21.6 %

29.5 %

16.4 %

23.7 %

Unemployment
3.7 %
3.6 %
3.5 %
4.3 %
3.4 %
3.6 %
3.5 %
3.7 %
Median
$ 34,135 $ 42,433 $ 33,672
$ 31,330 $ 39,184 $ 37,082 $ 36,360
$ 36,314
income
With public
2.2 %
2.9 %
3.8 %
3.5 %
2.8 %
2.5 %
3.5 %
3.0 %
assistance
Data collected from U.S. Census Bureau’s 2000 Census. Italics indicate a percent of total
population.
Difference-in-Difference Analysis
Since the EPA established these standards at the federal level, every state is expected to
comply, leaving none to serve as a control group in this study. For this analysis, I assume that the
2006 PM2.5 standard change would have a strong effect on counties that see heavy pollution (as
they are forced to comply and reduce emissions), but not on those with already low particulate
matter concentration levels. Therefore, to evaluate the effect of the policy change on health
outcomes, I divide counties within the seven states by percentiles in order to compare those with
the highest-percentile pollution levels to those with the lowest-percentile pollution. To determine
these percentiles, summary statistics of the average annual PM2.5 concentration for all counties
within the seven states were reported for the years before 2006, when the standard changed. The
first analysis compares counties that fall into the 90th percentile (above 14.8 µg/m3) to the 10th
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percentile (below 11.3 µg/m3) of pollution levels. The second analysis examines counties in the
75th percentile (above 13.9 µg/m3) to the 25th percentile (below 12.1 µg/m3) group. I use county
and year fixed effects as well, to control for time-invariant characteristics of each county that may
impact the results—for instance, if a county’s residents consistently have unhealthy behaviors, or
are less likely to see a doctor or use preventative services. The final dataset for this analysis
includes observations for measured air pollution, AQI, the two mortality outcomes, smoking rates,
and obesity and undiagnosed diabetes prevalence for each county in the seven selected states
between the years 2001 and 2011.
Particulate Matter Concentrations Data
I gathered PM2.5 concentration data from the EPA’s Air Data webpage for all available
years (1997 to 2019). These concentrations are measured either once a day, or every three days at
monitoring sites located throughout the United States and its outlying territories. Each site
represents a city, county, or census tract and typically contains several monitors scattered
throughout the area to ensure that pollution levels are not biased towards any certain area. For
example, Madison, Alabama, hosts six monitors throughout the county—two in suburban
neighborhoods, two in Huntsville’s city center, and two in outlying rural areas. This is helpful for
regulatory purposes, ensuring that the concentration measured represents the entirety of a county,
and not solely the city, where one could expect pollution levels to be higher due to increased traffic
and the location of power plants. Monitors throughout the southeastern region are displayed in
Figure 2. In counties without an active monitor, EPA models historic pollution data using other
measures to ensure those areas are in compliance with the standard.
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Figure 2. Location of Active PM2.5 Sites throughout the US
Health Outcomes
I obtained mortality data for all counties in the U.S. from 1980 to 2014 from the Global
Health Data Exchange, a site managed by the Institute for Health Metrics and Evaluation (IHME)
at the University of Washington. IHME compiles data available only at the state-level from reports
published by the Center for Disease Control and Prevention’s (CDC) National Vital Statistics
System and other relevant health organizations into one database. Using “statistical methods for
estimating rates in small sub-populations,” IHME creates estimates at the county-level from state
death data (for 21 different causes) and Census population counts, scaling these “along multiple
dimensions” to guarantee “consistency between causes and with existing national-level estimate”
(IHME 2016). As these are estimations, there is error associated with the data which limits the
validity of this study. However, I believe county-level mortality statistics are more representative
of the effects of pollution examined in this paper, as opposed to state-level mortality, as there is
much variation within states—especially between urban and rural areas. By only considering state
mortality rates, the effects of small changes in particulate matter levels would be difficult to
capture.
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To serve as dependent variables in this analysis, I selected cardiovascular disease mortality
and respiratory disease mortality (as a rate, the number of deaths per 100,000 of the population)
from the available data. Chronic respiratory disease includes common ailments such as asthma, as
well as Chronic Obstructive Pulmonary Disease (COPD), occupation-related lung diseases
(Pneumoconiosis and Silicosis), and interstitial lung disease (scarring of lung tissue) (WHO 2019).
Cardiovascular disease is a broad term that covers aortic aneurysms, cardiomyopathy (disease of
the heart muscle), ischemic stroke, endocarditis (an infection of the lining of the heart), and other
ailments (CDC 2019). As discussed earlier, these are diseases whose prevalence and severity are
consistently linked to increased pollution levels in prior research, and believed by the EPA to be
specifically affected by particulate matter emissions. However, examining them as mortality rates
instead of incidence limits the size of the effect this analysis is able to capture. While they may be
an imperfect measurement of the effect of the 2006 PM2.5 standard change, incidence data were
unavailable.
Deaths per 100,000 of the population for all counties for the aforementioned diseases are
displayed in Table 3 in pre-2006 and post-2006 averages. Although chronic respiratory disease
sees a slight increase, and cardiovascular disease a decrease over time, it appears that overall
mortality slowly falling for the observed counties.
Table 3. Summary Statistics for Mortality Rates per 100,000 Population
Pre-2006
Post-2006
Disease Mortality
Type

Avg.

Std.
Dev.

Min.

Max.

Avg.

Std.
Dev.

Min.

Max.

Chronic Respiratory
Cardiovascular
All Causes

68
384
1,078

13
56
105

37
206
716

152
573
1,402

70
330
1,012

15
53
115

35
164
626

152
511
1,393

Data represent average mortality rates for all counties included in the analysis and are estimated
by the Institute of Health Metrics and Evaluation. Data used span 2001 to 2011.
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Covariates
I obtained county smoking rates and obesity prevalence rates from IHME as well for each
county included in the analysis from 2001 to 2011. These were important to include as the World
Health Organization cites smoking as a major risk factor for mortality, as it exacerbates current
respiratory illnesses and is the most common cause of COPD. The Centers for Disease Control
and Prevention also includes smoking, as well as obesity as risk factors for early, non-accidental
cardiovascular disease mortality in the United States. I chose these variables based on the
availability of data; there are other risk factors for these mortality outcomes such as amounts of
physical activity, cholesterol levels, family history, and uncontrolled diabetes that cannot be
accounted for in this analysis as they are either difficult to measure, or they involve accessing an
individual’s health records and therefore are not publicly available.
Due to a lack of available county-level population statistics for the first nine years of this
analysis, there are no variables used to control for changes in total population, percent of the
population over 65, under 19, or living below the poverty line—all groups that are generally more
susceptible to the negative health effects of pollution. To serve as a proxy for population
characteristics, I included annual unemployment rates in this analysis, to account for economic
growth over time in each county. I obtained these data from the Bureau of Labor Statistics Local
Area Unemployment Statistics from 2001 to 2011.
Population Statistics
To examine basic characteristics of all counties, I collected population statistics from the
U.S. Census Bureau’s 2000 Decennial Census. The number of male and female residents and
number under the age of 19 and over 65 for each county, along with race and ethnicity breakdowns
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(percent of population that is white, and black or African American), median household income,
and poverty-level data (registering as below the poverty line in the past 12 months) were included.
Comparison Groups for Analysis
After determining the top and bottom percentile of particulate matter from the
concentrations data, I assigned counties to groups based on where their average pollution levels
fell. The following statistics for each group are displayed in Tables 4 and 5 below. The first
analysis includes 133 counties, with 66 in the 90th percentile and 67 in the 10th percentile of PM2.5
levels. The second analysis includes 335 counties, with 167 in the 75th percentile and 168 in the
25th percentile of PM2.5 levels. To compare counties between each of the percentile groups, I
calculated average population statistics for previously described measures. Percent of the
population under 19 years and over 65 years of age was important to examine, as children are at a
higher risk of having acute respiratory episodes with increased pollution, and as residents age, they
are at a higher risk of death from these diseases (WHO 2019). I included population breakdowns
for race as well, as residents from black or ethnic minority backgrounds have an increased risk of
developing cardiovascular disease (CDC 2019). I also examined unemployment rates and percent
of the population living below the poverty line, based on the assumption that these groups might
not have health insurance, and therefore limited access to healthcare, including preventative
services and checkups to insure these diseases are under control.
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Table 4. Summary Statistics for Counties with Pollution Levels in the Bottom and Top 10%
Characteristics
10th Percentile
90th Percentile
Number of counties
67
66
Number of states
5
6
Population (mean)
** 27,659
163,718
Under 19 years
28.6 %
28.7 %
Over 65 years
** 13.8 %
10.7 %
White
** 68.0 %
81.5 %
Black or African American
** 29.5 %
14.0 %
Unemployed
**3.8 %
3.0 %
Median Household Income
** $ 29,352
$ 42,690
Below Poverty Line
** 20.2 %
11.1 %
Data collected from U.S. Census Bureau’s 2000 Census. Italics indicate a percent of total
population. **p<0.05
Table 5. Summary Statistics for Counties with Pollution Levels in the Bottom and Top 25%
Characteristics
25th Percentile
75th Percentile
Number of counties
168
167
Number of states
6
6
Population (mean)
** 26,986
114,575
Under 19 years
** 28.8 %
28.1 %
Over 65 years
** 14.1 %
11.9 %
White
** 66.5 %
84.2 %
Black or African American
** 30.9 %
12.3 %
Unemployed
** 3.9 %
3.1 %
Median Household Income
** $ 28,807
$ 38,865
Below Poverty Line
** 20.5 %
12.2 %
Data collected from U.S. Census Bureau’s 2000 Census. Italics indicate a percent of total
population. **p<0.05
There are significant differences between the 10th and 90th percentile, and the 25th and 75th
percentile of pollution levels, for general population size, including the number of residents over
65 (a population that is more susceptible to the effects of pollution). For both comparisons, the
lower-percentile pollution counties have twice as many black residents, almost two times as many
residents living below the poverty line, and about a 10,000-dollar difference in median household
income. This suggests that counties with lower levels of pollution are smaller in size and poorer
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on average than those with high pollution concentrations. I assume that these population
differences could be explained by the differences between urban and rural areas, in that cities and
their surrounding suburban areas have larger populations and are more likely to have greater levels
of pollution (i.e., transportation emissions) due to an increased number of vehicles on the road. To
check the distribution of counties I included in the analysis, I plotted each county by percentile
group on a map. As is evident in Figures 3 and 4 below, higher-percentile pollution counties
(shown in navy) are predominantly clustered around major cities (approximately placed in yellow)
in each of the seven states. There are cities though, for example Raleigh, North Carolina and
Jackson, Mississippi that do not register high levels of particulate matter despite having
populations that are similar in size to high-percentile pollution cities such as Louisville, Kentucky
and Birmingham, Alabama.

Figure 3. Map of 90th and 10th-Percentile Pollution Counties
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Figure 4. Map of 75th and 25th Percentile Pollution Counties
As the comparison counties are statistically different on almost all population
characteristics, I plotted the difference between the top and bottom-percentile groups by year to
determine if pre-2006, before the PM2.5 standard change, mortality trends for the relevant counties
were parallel, or following the same path. I also included the previously described covariates
(smoking rates, unemployment rates, etc.) in the analysis to account for changes over the years
that might affect the mortality rate in each county. Trends for chronic respiratory disease mortality
are displayed in Figures 5 (10th and 90th percentiles) and 6 (25th and 75th percentiles) below. While
both figures show differences between the comparison groups, the variation is centered around
zero and appears to be no greater than 0.75 and 0.1, respectively. The average mortality rate in
these seven selected states for chronic respiratory disease is 68 with a standard deviation of 13,
therefore, variation of less than one death per 100,000 of the population is negligible.
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Figure 3. Pre- and Post-Policy Trends for the 10th and 90th Percentiles
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Figure 6. Pre- and Post-Policy Trends for the 25th and 75th Percentiles
Trends for cardiovascular disease mortality are displayed next in Figure 7 (10th and 90th
percentiles) and Figure 8 (25th and 75th percentiles). There is greater variation in the difference
between percentile groups in both figures (in comparison to chronic respiratory disease mortality
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trends) but the average mortality rate for cardiovascular disease is 384 deaths per 100,000 of the
population, with a standard deviation of 105, leaving a change of approximately four and two to
be insignificant overall.
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Figure 7. Pre- and Post-Policy Trends for the 10th and 90th Percentiles
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Figure 8. Pre- and Post-Policy Trends for the 25th and 75th Percentiles

Wice 22
To estimate the effects of air pollution in high-percentile counties relative to those in lowpercentiles, I regressed chronic respiratory and cardiovascular disease mortality on several
covariates for the 90th and 75th percentile groups. I estimated these effects in three difference
analyses, the equations for which are described below.
(1) 𝐻𝑒𝑎𝑙𝑡ℎ+, = 𝛼 + 𝛽1 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 + 𝛽8 (𝑃𝑜𝑠𝑡:; × 𝐻𝑖𝑔ℎ>?@A?B,+C? ) + 𝑑E?F@ + 𝑑GHIB,J + 𝑒
𝐻𝑒𝑎𝑙𝑡ℎ+, refers to the chronic respiratory and cardiovascular disease mortality outcomes
in this analysis. For the chronic respiratory disease outcome variable, 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 includes
the rate of adults who smoke and the unemployment rate in each county. For the
cardiovascular disease mortality outcome variable, 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 includes the obesity rate
and the smoking rate, as well as the unemployment rate for each county. As discussed
previously, these health data are included as medical associations consider them major risk
factors that can exacerbate these diseases and potentially lead to premature death.
𝑃𝑜𝑠𝑡:; × 𝐻𝑖𝑔ℎ>?@A?B,+C? is an interaction term between an indicator for the post-2006
policy change (the year EPA lowered the allowable PM2.5 concentration) and an indicator
for a high-pollution county (either the 90th or 75th percentile) to estimate the overall effect
of the post-period treatment (the 2006 standard change) on the most severe counties’ health
outcomes. Output for this equation is displayed in columns (1) and (3) in the following
tables.
(2) 𝐻𝑒𝑎𝑙𝑡ℎ+, = 𝛼 + 𝛽1 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 + 𝛽8 (𝑃𝑜𝑠𝑡:; × 𝐻𝑖𝑔ℎ>?@A?B,+C? ) + 𝛽L 𝑇𝑜𝑡𝑎𝑙 𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦
+ 𝑑E?F@ + 𝑑GHIB,J + 𝑒
This analysis includes all covariates described in equation (1) and adds the total mortality
rate (which incorporates all causes of mortality, including chronic respiratory and
cardiovascular disease) as a control variable. I chose to perform this second estimation to
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check whether overall mortality rates in any given year or county had an effect on health
outcomes. For example, it is possible that mortality rates for the two diseases were quite
high for counties because those simply saw high mortality rates for all causes of death in a
certain year. Output for this equation is displayed in columns (2) and (4) in the following
tables.
(3) 𝐻𝑒𝑎𝑙𝑡ℎ+, = 𝛼 + 𝛽1 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 + 𝛽8 𝑃𝑀8.R + 𝑑E?F@ + 𝑑GHIB,J + 𝑒
To determine if there is a relationship at all between average annual particulate matter and
mortality rates, I removed the 𝑃𝑜𝑠𝑡:; × 𝐻𝑖𝑔ℎ>?@A?B,+C? interaction term and instead
controlled for PM2.5 values for each county. I still included the relevant covariates
mentioned in equation (1) for both chronic respiratory and cardiovascular disease
mortality. Output for this equation is displayed in column (5) in the following tables.
Results
Difference-in-Difference Analysis
The coefficients reported for each analysis are a result of the regression equations described
in the previous section, along with the relevant covariates. Interpretation of the results displayed
for each health outcome in Tables 5 and 6 is stated underneath and discussed further in the
following section.
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Table 5. Effect of 2006 PM2.5 Standard Change on Chronic Respiratory Disease Mortality Rate
10th Percentile Counties
25th Percentile Counties
All Counties
(1)

(2)

(3)

(4)

(5)

Post-2006*High

-0.785
(0.513)

**-0.772
(0.343)

0.101
(0.304)

-0.0208
(0.208)

-----

Smoking

4.065
(11.848)

-7.214
(8.616)

6.826
(6.488)

3.836
(4.573)

-6.357
(4.607)

Unemployment
Rate

10.497
(9.890)

**12.617
(5.992)

*10.915
(4.454)

**7.928
(3.537)

**9.690
(3.430)

Total Mortality

-----

**0.0889
(0.00596)

-----

**0.0880
(0.00382)

-----

Avg. Annual
Concentration

-----

-----

-----

-----

-0.0745
(0.0795)

63.628
(3.354)

-27.913
(6.564)

62.774
(1.888)

-31.032
(4.367)

67.099
(1.745)

Number of Obvs.

1,463

1,463

3,685

3,685

7,359

Number of Cos.

133

133

335

335

669

Constant

Standard errors are clustered at the County level and shown in parenthesis. County and year fixed
effects are included in this analysis. The Post-2006*High interaction term refers to counties with
pollution levels in the 90th or 75th percentile that have a value of 1 for all years after 2006. Data
used span 2001 to 2011. **p-value<0.05, *p-value<0.10
Column (1) displays results for the treatment effect between the top and bottom 10th
percentile counties for chronic respiratory disease mortality. The treatment effect of the stricter
2006 PM2.5 standard on high pollution counties relative to low pollution counties is associated with
a decrease of almost 1 death per 100,000 of the population. Increases in smoking and
unemployment rates are correlated with increases in mortality. In column (2), the addition of the
overall mortality increases the death rate by 0.1 persons. The direction and magnitude of the
indicator variable and the unemployment rate change very little, although both coefficients are
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now statistically significant, and the effects of an increase in the smoking rate is now reversed to
be correlated with a decrease in number of deaths.
For counties with pollution in the top and bottom 25th percentiles in column (3), the
treatment effect for high pollution counties relative to low pollution counties is associated with no
effect (almost zero) on the chronic respiratory disease mortality rate. One-percentage point
increases in smoking and unemployment rates are also correlated with increases in mortality. In
column (4), the addition of the overall mortality increases the death rate by 0.1 persons. While the
treatment effect reverses direction to association with a decrease in mortality, the value remains
quite close to zero, showing a negligible effect. The direction and magnitude of the unemployment
rate and smoking rate change only slightly, still correlated with an increase in number of deaths.
Fixed effects for each year included in the model (but not reported) are also correlated with a
negative effect—an increase from 0.5 to 13 deaths per 100,000 of the population—of the policy
on the mortality rate, with all years showing statistical significance.
For all counties in column (5), a 1µg/m3 increase in the average annual PM2.5 level is
associated with a statistically insignificant decrease of 0.1 deaths. A one-percentage point increase
in the unemployment rate maintains the same direction and similar magnitude to the previous
regressions, while increases in the smoking rate reverse again leading to a decrease in the number
of deaths.
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Table 5. Effect of 2006 PM2.5 Standard Change on Cardiovascular Disease Mortality Rate
10th Percentile Coefficients
25th Percentile Coefficients All Counties
(1)

(2)

(3)

(4)

(5)

2.097
(1.588)

*2.104
(1.180)

**1.861
(0.934)

**1.523
(0.760)

-----

Obesity

**-116.558
(42.769)

**-129.404
(33.493)

-38.873
(28.558)

**-57.046
(24.020)

-29.664
(21.084)

Smoking

25.732
(42.267)

-9.198
(31.954)

-8.617
(22.330)

-16.942
(17.426)

-17.042
(15.795)

Unemployment
Rate

-10.523
(35.346)

-3.415
(26.816)

-15.853
(18.383)

**-24.524
(14.053)

3.210
(12.308)

Total Mortality

-----

**0.286
(0.0209)

-----

**0.264
(0.0142)

-----

Avg. Annual
Concentration

-----

-----

-----

-----

-0.323
(0.240)

418.984
(20.264)

128.570
(28.477)

412.124
(11.825)

136.437
(18.592)

423.979
(9.070)

Number of Obvs.

1,463

1,463

3,685

3,685

7,359

Number of Cos.

133

133

335

335

669

Post-2006*High

Constant

Standard errors are clustered at the County level and shown in parenthesis. County and year fixed
effects are included in this analysis. The Post-2006*High interaction term refers to counties with
pollution levels in the 90th or 75th percentile that have a value of 1 for all years after 2006. Data
used span 2001 to 2011. **p-value<0.05, *p-value<0.10
Column (1) displays results for the treatment effect of the 2006 PM2.5 standard change on
cardiovascular disease mortality. The treatment effect on high pollution counties relative to low
pollution counties is associated with an increase of 2 deaths per 100,000 of the population.
Increases in obesity and unemployment rates are correlated with decreases in mortality, while a
one-percentage point increase in smoking is associated with 26 more deaths per year. In column
(2), the addition of the overall mortality increases the death rate by 0.3 persons. The magnitude of
the indicator variable, obesity prevalence, and the unemployment rate change slightly, although
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the direction of their effect remains the same. The effect of an increase in the smoking rate is now
reversed to correlate with a decrease death as well.
For counties with pollution in the top and bottom 25th percentiles in column (3), the
treatment effect for high pollution counties relative to low pollution counties is associated with an
increase of nearly 2 deaths per 100,000 of the population. One-percentage point increases in the
obesity prevalence rate, smoking rate, and unemployment rate are also associated with decreases
in mortality. In column (4), the addition of the overall mortality increases the death rate by 0.3
persons, while the indicator variable is associated with an increase of 1.5 deaths per 100,000 of
the population. The magnitude of the obesity prevalence rate, unemployment rate, and smoking
rate change by 10 to 20 more deaths, although still associated with a decrease in number of deaths.
Fixed effects for each year included in the model (but not reported) are also correlated with a
positive effect—a decrease in number of deaths ranging from 6 to 86 per 100,000 of the
population—of the policy on the mortality rate, with all years showing statistical significance.
For all counties in column (5), a 1µg/m3 increase in the average annual PM2.5 level is
associated with a statistically insignificant decrease of 0.3 deaths. A one-percentage point increase
in the obesity prevalence rate and smoking rate maintains the same direction and similar magnitude
to the results from the previous regressions, while increases in the unemployment rate reverse to a
correlation with a small increase in number of deaths.
Discussion
Difference-in-Difference Analysis
Overall, the 2006 PM2.5 standard change was associated with little statistically significant
effect on the chronic respiratory disease mortality rate. Likewise, the results (a reduction of less
than 1 death per 100,000 of the population) were small enough to render them practically
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insignificant as well, as it would be difficult to recommend further changes to pollution standards
based on so little change in a health outcome. For most counties included in this analysis with
populations around 25,000 or 75,000, this would yield no decrease in death from chronic
respiratory disease, since the value would be close to zero. Also, it is important to note that after
2006, this disease saw a steady increase on average of the mortality rate (displayed in Table 3),
although this is difficult to attribute to any certain cause, especially this policy change.
The results describing the treatment effect on the cardiovascular disease mortality rate were
statistically significant, although practically still very small. For most counties in this analysis, the
2006 PM2.5 standard change would be associated with 1 more death per 100,000 of the population.
Conversely, an increase in the percent of adults who smoke and the percent of population with
obesity yields a decrease in the mortality rate, a relationship that is intuitively incorrect and
unsupported by the medical community. It is possible that these relationships are reverse-caused.
As shown in Table 3, the overall mortality rate for this disease decreased from pre-2006 to post2006, while potentially the obesity and smoking rates remained constant, or fluctuated upwards.
This would lead to a relationship where it appears an increase in those variables is correlated with
a decrease in the mortality rate.
For both diseases, it is clear that widening the analysis to include counties in the top and
bottom 25th percentile increases the association of the 2006 PM2.5 standard change with the health
outcomes. The values generally appear to be higher in either direction (a positive or negative
effect) when examining the top and bottom percentile of polluters, presumably because these
include more observations and have greater variation in pollution levels and mortality rates within
each group. As was discussed previously, these groups also vary greatly on almost all population
statistics (displayed in Tables 4 and 5), which is important to note as it could contribute to mortality
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rates. For example, counties in the bottom 10th and 25th percentiles have higher rates of the
population below the poverty line, slightly higher numbers of residents over the age of 65, and
almost twice as many black residents. As all of these are risk factors for chronic respiratory and
cardiovascular diseases, the positive treatment effect on high-pollution counties relative to their
low-percentile pollution counterparts could be explained simply by higher mortality rates due to
these population characteristics.
Limitations
There are several concerns that impact the validity of this analysis. The first is the use of
mortality data over only 11 years to estimate the effect of the 2006 PM2.5 standard change. While
mortality data can be useful in determining an impact on human health over an extensive time
span, a more accurate analysis might benefit from respiratory and cardiovascular disease incidence
data instead. Its widely accepted in the medical community that mortality from a respiratory or
cardiovascular disease might occur decades after a diagnosis, and while increased exposure can
reduce one’s lifespan by several years or potentially lead to sudden death, it is impossible to know
what percentage of those included in the mortality rate died prematurely. It is therefore difficult to
fully ascertain the impact high pollution levels have on my chosen health outcomes. In addition to
disease prevalence rates, a more fitting variable to use for health outcomes that might be more
representative of the impact of PM2.5 levels could be asthma incidence, or number of emergency
room visits for acute respiratory issues (such as difficulty breathing) and days these occurred. Daily
levels of air concentrations of particulate matter are recorded and easily accessible on the EPA’s
website, so an analysis that links these variables together, in the years before and after 2006, could
be more telling of the actual impact small changes in PM2.5 concentrations has on health.
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The second issue is the lack of available population statistics for all years. The U.S. Census
began to estimate populations through the American Community Survey in 2009, and Decennial
Census data are available for 2000 and 2010, but no other data are available for the remaining
years. This hampers this analysis’ ability to estimate an accurate treatment effect, as percent of the
population under 19 and over 65 and racial and poverty breakdowns are important to consider,
since these populations are especially at-risk for chronic respiratory and cardiovascular diseases.
The availability of health data for covariates also hinders these estimates. Asthma
incidence, uncontrolled diabetes, and high cholesterol and blood pressure levels are all risk factors
for chronic respiratory and cardiovascular disease mortality. Public county-level data is currently
unavailable for these variables, although some do exist at the state level for various years. The
CDC also administers a survey known as the Behavioral Risk Factor Surveillance System, which
collects data concerning health-related behaviors, chronic conditions, and use of preventative
healthcare services. This survey samples approximately 400,000 people in the United States, and
the results (although aggregated at the state level) are available to the public. Accessing the original
data that indicates what counties respondents live in could enable this to be used as a covariate for
an analysis. Collection of health insurance coverage data might also be beneficial, as this could
also impact the use of healthcare services, and therefore diagnoses and mortality, in the analysis.
Another issue arises with my use of EPA PM2.5 concentration data. As was evident in
Figure 2, the EPA does not place pollution monitors in every county throughout the country,
although they do model data for those counties without monitors and make this publicly available.
To ensure this analysis was representative of all counties throughout the seven states, I chose to
utilize the dataset with modeled values. However, I was unable to find documentation explaining
the methods through which they modeled this particulate matter concentration data, therefore
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leaving this as a limitation. I also planned to utilize Air Quality Index (AQI) data as another control
variable in this analysis, but faced the same problem with lack of monitors. AQI is a value set from
one to 500 that accounts for concentrations of particle matter, ground-level ozone, carbon
monoxide, sulfur dioxide, and nitrogen dioxide in an area to tell residents how clear or polluted
their air is that day. AQI is a helpful for alerting those with respiratory conditions and other
illnesses that may be exacerbated hazardous air to stay inside if pollution is particularly high on
any given day. I believe this measurement is important to include, as concentrations of other
pollutants besides PM2.5 can lead to a high AQI and can contribute to an increased rate of mortality,
however, the lack of modeled data for those counties without a monitor (over half of them) made
it impossible to include.
Conclusions
It is clear from previous research that a strong, negative relationship exists between public
health outcomes, specifically respiratory and cardiovascular diseases, and particulate matter levels.
As I find few statistically and practically significant results in this analysis, these estimates cannot
tell us much about the differences in mortality rates between high-percentile and low-percentile
pollution areas and how those are impacted by PM2.5 levels. The classification of counties into
these groups, however, can tell us something about the makeup of these high-pollution areas, at
least in the southeastern United States. While residents of high-percentile pollution counties tend
to have higher incomes and larger percentages of the population who are white, it is important to
note that the data utilized in this paper does not split mortality rates out by race, age, or income.
As certain populations are more at-risk for chronic respiratory and cardiovascular diseases, it could
be beneficial in future studies to specifically analyze mortality rates for those over 65, for black
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residents, and for children to better determine the actual size of the effect of these pollution
standards.
Due to additional limitations of this study and the short time span it covers, I do not believe
it should be used as evidence to support a roll back of standards concerning allowable particulate
matter concentrations. Despite them, the results should at the very least prompt continued research
into this area, specifically by examining high-percentile relative to low-percentile pollution areas
in ways discussed previously. With more expansive health characteristics data, particularly asthma
incidence or emergency room visits due to a respiratory episode, additional historic population
data, and a larger period of time for these observations, it is entirely possible a study of this sort
may find an addition link between pollution and health outcomes in the southeastern United States
that strengthens the causal argument made by the EPA. Due to the potential severity of the health
issues examined here and in other studies, it is imperative that policymakers continue to evaluate
current and past research to determine if concentration standards PM2.5 and other pollutant should
be amended to further protect public health and the welfare of all populations.
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